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i i i  
I .  INTRODUCTION 
The safe  transport  of handicapped children t o  and from school 
involves special problems in r e s t r a i n t  design. I n  recent years a 
number of d i f fe ren t  techniques and devices have been developed and 
used fo r  res t ra in ing the handicapped child e i the r  in school bus seats  
or in wheelchairs. Most of these devices and techniques have never 
been subjected to  impact t e s t ing  to  determine t he i r  performance under 
dynamic loading. In t h i s  study a number of d i f fe ren t  r e s t r a i n t  tech- 
niques and devices current ly  being used in the transportat ion of 
handicapped children i n  the S ta te  of Wisconsin were subjected t o  sled 
impact tes t ing and t he i r  performance eval uated. 
I I .  P R O C E D U R E S  
A .  Impact Fac i l i ty  and Sled Deceleration Pulse 
Impact t e s t s  were performed a t  the Highway Safety Research 
In s t i t u t e  Impact Sled Laboratory. This f a c i l i t y  consists  of an 
impact sled (Figure 1 )  tha t  moves on a 45-foot track into a pneumatic 
decelerator and can simulate crashes u p  to 75 m . p . h .  and 75 times 
the force of gravity.  The sled i t s e l  f i s  a 975-1 b .  t e s t  platform, 
6 .5 - f t .  square and i s  driven by a compressed-gas-powered ram. The 
sled operates on the principle of rebound, stopping and reversing 
direction abruptly by impacting the adjustabl e pneumatic decel e ra to r .  
In t h i s  study, a l l  pressures were s e t  to achieve a 20 m . p . h .  velocity 
d i f fe ren t ia l  and 1 6  G ( i  .e . ,  1 6  times the acceleration of gravi ty)  
deceleration pulse. Figure 2 shows a typical sled deceleration pulse 
fo r  the t e s t s  i n  t h i s  study. 

Time (seconds) 
Figure 2. Sled Test Deceleration Pulse 
B. Matrix of Test Conditions and Restraint Systems 
A total of sixteen impact tests were performed for a variety 
of restraint systems and test conditions. These tests can be 
divided into two basic categories - those with wheelchairs and 
wheelchair restraints, and those with bus seats and bus seat restraints. 
1. Wheelchair Tests 
Eight wheelchair tests were performed using two sizes of wheel - 
chairs purchased from Everest and Jennings, Inc. The Tiny-Tot Universal 
model was used in four tests with a 6 year dummy weighing 49 pounds, 
and the Junior Premier model was used in four tests with a 5th per- 
centile female dummy weighing 105 pounds. In all wheelchair tests, 
the dummy was restrained to the chair by a Collins Saf-T-Straint 
(Coll ins Industries, Inc. Hutchinson, Kansas) padded be1 t i l l  ust- 
rated in Figure 3. This device consists of a pad and safety belt 
sewn together. In this study, the be1 t was wrapped aroung the chair 
back just above the armrests, buckled in front and pulled tight. 
Tv~o rneti~ads o f  ~.esP,~*a?;::ing t h e  w,';;eelcha<rs "s hi.;$ were t e s t & .  
T i a  , ;,, . <U - 7 1  , ins Saf-T-iock (manua? ;nodel ) $e\sices shoxn i n  F?Ygure 4 5r.e 
b o l  tsd t o  t h e  b u s  f i g o r  and  ho ld  the  w h e e i c h a i r  by  ripping t h e  rear 
7 ,  wheel rim between the steel  structures by twc steel p i n s ,  13:s 
res t ra in t  was tested i n  b o t h  the  forkiard facivj  and s i d e  F a c i n g  
(wheejch;jr backed uy t o  bus si$ew,. j : i )  directions for h e a d - 9 ~  impactss 
The second w h e e l c h a i r  r e s t r a i n t  system t e s t e d  was t h a t  o f  u s i n g  
s a f e t y  be1 t s  (Rupper t  I n d u s t r i e s )  anchored t o  t h e  bus w a l l  and wrapped 
around t h e  f r o n t  o f  t h e  w h e e l c h a i r .  T h i s  method was t e s t e d  u s i n g  
b o t h  one and two be1 t systems f o r  head-on and 33 degree o b l  i q u e  
impacts  ( i  . e. , 33 degrees t o  f r o n t  o f  bus) ,  t h e  l a t t e r  c o n d i t i o n  
ach ieved  by o r i e n t i n g  t h e  w h e e l c h a i r s  a t  33 degrees t o  t h e  s l e d  
mo t ion .  T a b l e  1  summarizes t h i s  m a t r i x  o f  e i g h t  w h e e l c h a i r  t e s t s .  
TABLE 1  
WHEELCHAIR IMPACT TEST MATRIX 
ALL TESTS AT 20 M.P.H. AND 16 G ' S  
Wheelchair 
E&J T iny  Tot 
E&J Jun io r  
E&J T iny  Tot  
E&J Jun io r  
ESJ T iny  Tot  
E&J Jun io r  
E&J T iny  Tot 
E&J Jun io r  
O r i e n t a t i o n  Impact 
Dummy i n  Bus D i r e c t i o n  
6 y r .  Forward Head-on 
S t h x i l e  female Forward Head-on 
6 y r .  Side Head-on 
5 t h X i l e  female Side Head-on 
6 y r .  Side Head-on 
5 t h Z i l e  female S i d e  Head-on 
6 y r .  Side 3 3 0 o b l i q u e  
5 t h % i l e  female Side 330 ob l i que  
Bus Seat  Tes ts  
R e s t r a i n t  
Col 1 i n s  Saf-T-Lock 
Co l l  i n s  Saf-T-Lock 
C o l l  i n s  Saf-T-Lock 
Col 1 i n s  Saf-T-Lock 
One b e l t  t o  bus w a l l  
C o l l  i n s  Saf -T-St ra in t  
Two be1 t s  t o  bus wa l l  
Co l l  i n s  Saf -T-St ra in t  
Two b e l t s  t o  bus wa l l  
Co l l  i n s  Sa f -T -S t ra in t  
One he1 t t o  bus wa l l  
Co l l  i n s  Saf -T-St ra in t  
Another  e i g h t  impact  t e s t s  were per formed u s i n g  d e v i c e s  des igned 
t o  r e s t r a i n  c h i l d r e n  i n  bus sea ts .  S ince  most  school  bus sea ts  i n  use 
today  do n o t  y e t  conform t o  t h e  new s tandards  s e t  f o r t h  i n  FMVSS 222 
( i  .e., c l o s e r  spacing,  padded s e a t  backs,  e t c .  ) , t h e  o l d e r  s t y 1  e  bus 
s e a t s  were cons ide red  most a p p r o p r i a t e  f o r  t h i s  s tudy .  For  these  
t e s t s ,  two sea ts  were b o l t e d  t o  t h e  s l e d  w i t h  a  d i s t a n c e  o f  27 i nches  
f rom t h e  back o f  t h e  r e a r  s e a t  t o  t h e  back o f  t h e  f r o n t  sea t .  The 
dummy was p l a c e d  i n  t h e  r e a r  s e a t  f o r  a l l  t e s t s .  
Four types of restratnt  si tuations were tested for forward fac f  ng 
seats i n  both head-on and 33 degree impacts  for a total of e i g h t  t e s t s ,  
Two t e s t s  each were performed for the f o l l o w i n g  restraintidummy 
situations: 
I ) Rupert (Rupert industries, Inca Wheel i n g ,  I i  1 i n ~ i s )  
E-Z-On Harness with 6 year dummy, 
2 )  Easy Way Dubl-Life Saver Restraint Vest (Easy Kay Products, 
Co., Cincinnati, Ohio) w f t h  6 year dummy. 
,3)  Ford T o t  Gua~d with 5th percentile fernale dummy. 
4) Ortho-Kinetics Travel Chair (0rtho-Kinetics , Tnc. 
Waukesha, Wisconsin) w i t h  5 year dummy. 
Figure 5 shows the Rupert E-Z-On Har~ess  and accornpaning restrain- 
i n g  belts.  The harness i s  worn by the child (zipper i n  back) and the 
restrajning belts are permanently installed i n  the  bus. These b e l t s  
are fastened to two heavy d u t y  eye bolts secured t o  the bus floor 
just behind the sea t .  The two long belts go over the top of the seat 
Figure 5. Rupert E-Z-On Restraining Harness. l e f t - w i  t h  be: t 
restraints .  Right-harness only. 

seat belt  was anchored t o  the bus floor and p u t  through the bus seat 
behind the seat cushion while in a second t e s t  the belt was belted to 
the bus seat structure behind and under the seat cushion. 
Figure 7 .  Ford Tot Guard and 5 t h  percentile female 
dummy on bus seat.  
Figure 8 shows the Ortho-Kinetics Travel Chair which of i t s e l f  
i s  not a restraint  b u t  rather a version of a wheelchair which can be 
placed on  the seats of automobiles or buses. Upon pull ing a lever 
in back, the rear wheels and lower frame collapse u p  allowing the 
chair t o  f i t  on a seat.  Two procedures for restraining th is  chair and 
6 year dummy occupant were tested. The f i r s t  involved simply using 
a standard seat belt (Rupert Industries) which was bolted t o  the bus 
seat frame. The be1 t was wrapped around the lower portion of the chair 
near the dummy's waist. In a second t e s t ,  a Rupert E-Z-On Harness was 
modified with be1 t loops replacing the "D"  rings and placed on the 6 
year dummy. A lap belt  was placed through the lower loops and a second 
b e l t  secared t o  the f l o o r  beh ind  the seat was i n s e r t e d  t h r ~ u g h  t he  
upper loops  behind the dummy's neck. 
- Figure 8. Ortho-Kinettcs i rzve? Chair 
Table 2 summarizes these e i g h t  bus seat impac t  tests  and t he  
restraint and test conditions. 
T A B L E  2 
MATRIX OF SCHOOL BUS SEAT TESTS 
A L L  TESTS AT 20 M .  P . H .  A N D  1 6  G ' S ,  F O R  FORWARD F A C I N G  SEATS 











Rupert E-Z-On Harness Head-on 
Easy Way Dubl-Life Head-on 
Saver Restraint Vest 
Ford To t  Guard with Lap Belt Head-on 
thru bus seat t o  floor 
Ortho- Kinetics Travel Chair Head-on 
w i t h  l a p  be1 t anchored t o  
bus seat. 
Rupert E-Z-On Harness 33' o b i  ique 
Easy Way Du bl -Life 33O o b l  ique 
Saver Restraint Vest 
Ford Tot  Guard with Lap Be1 t 33O o b l  ique 
anchored t o  seat structure. 
Ortho-Kinetic Travel Chair 33O obl  i que 
with modified Rupert harness 
and two belts. 
Table 3 summarizes the matrix of 1 6  tests  performed. I t  should 
be noted that no attempt was made i n  this  study t o  evaluate the 
manner i n  which belts,  seats, or other hardware are fastened t o  the 
school bus interior.  While an evaluation of this aspect of the 
system i s  certainly important, al l  hardware in this study were fast-  
ened securely so that the performance of the restraint device alone 
could be evaluated. 
TABLE 3 
M A T R I X  OF TESTS 
Type o f  Test :  
Bus Seat (BS) 





















O r i e n t a t i o n  








6  y r .  
R e s t r a i n t s  Used 
WC-Tiny Tot  Forward 
f ac ing  
Forward 
f ac ing  
Side 
f ac ing  
Side 
f a c i n g  
Side 
f a c i n g  
Side 
f ac ing  
Forward 
f a c i n g  
Forward 
f ac ing  
Forward 
f a c i n g  
Forward 
f a c i n g  
Side 
f a c i n g  
Side 
f ac ing  
Forward 
f a c i n g  
Forward 
f a c i n g  
Forward 
f a c i n g  
Forward 
f a c i n g  
C o l l i n s  Saf-T-Lock 
C o l l i n s  Sa f -T -S t ra in t  
C o l l  i n s  Saf-T-Lock 
C o l l  i n s  Sa f -T -S t ra in t  
C a l l  i n s  Saf-T-Lock 
C o l l  i n s  Saf -T-St ra in t  
C o l l i n s  Saf-T-Lock 
C o l l i n s  Sa f -T -S t ra in t  
S i n g l e  b e l t  t o  bus w a l l  
C o l l i n s  Sa f -T -S t ra in t  
Two b e l t s  t o  bus w a l l  
C o l l i n s  Sa f -T -S t ra in t  
Rupert  E-Z-On Harness 
5 t h % i l e  
female 
5 t h % i l e  
female 
6  y r .  WC-Tiny Tot  
WC-Tiny Tot  6  y r .  
5 t h X i l e  
female 
6  y r .  
Easy Way Dub l -L i f e  Saver 
R e s t r a i n t  Vest 
6  y r .  
5 t h % i l e  
female 
6  y r .  
Ford Tot  Guard w i t h o u t  booster  - 
l a p  b e l t  t h r u  bus seat t o  f l o o r  
Or tho-K inet ics  t r a v e l  c h a i r  
w i t h  l a p  b e l t  a t tached t o  bus seat 
WC-Tiny Tot  6  y r .  Two be1 t s  t o  bus w a l l  
C o l l i n s  Sa f -T -S t ra in t  
5 th4 , i l e  
female 
6  y r .  
One b e l t  t o  bus w a l l  
C o l l i n s  Sa f -T -S t ra in t  
Rupert  E-Z-On Harness w i t h  
heavy du t y  "D" r i n g s  
6  y r .  Easy Way Dubl -L i fe  
Saver R e s t r a i n t  Vest 
Or tho-K inet ics  Trave l  c h a i r  w i t h  
mod i f i ed  Rupert  harness 6 tw b e l t s  
6 y r .  
Ford Tot  Guard w i t h o u t  booster  
Sa fe t y  b e l t  t o  seat  frame 
5 t h % i l e  
female 
C .  Test Measurements and Data 
In each t e s t ,  GSE seat belt force sensors measured the tensions in 
the various be1 t s  and these signals a l o n g  with the sled deceleration 
pulse were recorded on analog tape. High contrast markers were placed 
on the dummys, wheelchairs, bus seats ,  and sled structure and  high 
speed movies a t  1,000 frames per second were taken from side and over- 
head cameras. Pre and post photographs were taken with 35 mm film t o  
document the t e s t  set-up and results and a polaroid sequence camera 
was used t o  obtain a n  immediate record of the impzct event. 
111. SUMMARY OF RESULTS 
The Appendix t o  th i s  report contains a description of the t e s t  
conditions and set-up along with a detailed description of the results 
for each of the sixteen impact t e s t s .  Included in th is  documentation 
are pre and post t e s t  photographs and the graph check sequence photo-  
graphs of the impact response. I n  th i s  section a summary of  these 
results and measurements and an evaluation of the performance of each 
device i s  given. Peak belt loads were measured from chart paper 
recordings of the load cell signal s and maximum dummy head excursions 1 
in the direction of sled impact were obtained from analysis of the 
high speed films. These results are summarized in Tables 4 and 5 for 
the wheelchair and bus seat tes t s  respectively. 
A .  Wheelchair Tests 
1 .  Saf-T-Straint 
The Collins Saf-T-Straint was used t o  restrain the 
dummy t o  the wheelchair in a l l  wheelchair t e s t s .  While th is  device 
succeeded in keeping the dummy "in the seat" in a l l  t e s t s ,  i t  i s  clear 
that this  restraint  alone i s  n o t  adequate for protecting wheelchair 
occupants. Because of the size of the pad and the manner in which 
the be1 t must be wrapped around the chair back, the be1 t load i s  
1 I t  should be noted t h a t  head excursions reported in this  study are 
computed relative to the in i t ia l  position of the head in each run. 
Because the in i t ia l  position of the dummy relative t o  other bus 
structures ( e .g . ,  a seat back) may vary for different restraints ,  
these measures of  head excursion d o  no t  by themselves give a n  absolute 











APPROXIMATE HEAD EXCURSIONS I N  D I R E C T I O N  OF 
IMPACT AND PEAK B E L T  LOADS FOR WHEELCHAIR TESTS 
Res t ra in t  System 
C o l l i n s  Saf-T- 
Lock 
C o l l  i n s  Saf-T- 
Lock 
C o l l i n s  Saf-T- 
Lock 
C o l l i n s  Saf-T- 
Lock 
One b e l t  t o  bus 
wa l l  
Two b e l t s  t o  
bus wa l l  
Two be1 t s  t o  
bus wa l l  
One b e l t  t o  bus 
wa l l  
O r ien ta t i on  
i n  Bus 
forward 
forward 
s ide  
s ide  
s ide  
s ide  
s ide  
s ide  
Impact 










6 y r .  
f enla 1 e 
f enla 1 e 
6 y r .  
6 y r .  
f enla 1 e 
6 y r .  
female 
Head Excursion 









Peak B e l t  Loads (1 bf. ) 
Saf-T- Upper Chair Lower Chair 
S t r a i n t  Be1 t Be1 t 
100 n o t  1200 
measured 
210 - 1350 
W 
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applied u p  on the abdomen of the occupant ra ther  than on the pelvic 
bone. While the pad will ce r ta in ly  help to  d i s t r i bu t e  the load, the 
be l t  loads of 300 l b f .  and 660 1 b f .  (see Table 4 )  obtained for the 
two forward facing t e s t s  are approaching magnitudes l i ke ly  t o  
cause injury to  abdominal organs ( 1 ,  2 ) .  I n  the s ide  facing t e s t s  
the be l t  loads a re  smaller b u t  t h i s  i s  because the dummy i s  being 
pa r t i a l l y  restrained by the wheelchair s ide  frame. In the two 
forward facing t e s t s ,  the maximum forward head excursion re1 a t i ve  
t o  the head i n i t i a l  position was 30.1 and 29 .4  inches respectively 
and t h i s  i s  primarily due to  the h i p  and torso flexion allowed be- 
cause there i s  no upper torso r e s t r a i n t .  Such large excursions a re  
1 i kely t o  r e su l t  in head injury due to  contact with other vehicle 
s t ructures  and in spinal trauma due to  hyperflexion of the neck and 
torso ,  and should be prevented by res t ra ining the upper torso i f  a t  
a l l  possible. Because the wheelchair i s  neither t a l l  enough nor 
strong enough, upper torso r e s t r a in t s  would be most e f fec t ive  i f  
anchored to  the bus s t ruc tu re  i t s e l f .  
2 .  Col 1 ins Saf-T-Lock 
For the forward facing wheelchair t e s t s  (78F002 and 78F003), the 
Saf-T-Lock tie-downs were e f fec t ive  in holding the chair  although a 
mechanism t o  prevent forward pitch of the wheelchairs would be an 
improvement. In t h i s  regard, i t  should be noted t ha t  the wheelchair 
brakes had been applied prior  to  the t e s t  and were working well. Had 
the brakes not been applied or not been grabbing as well ,  the pitching 
would probably have been even worse. I n  a preliminary t e s t  with the 
Tiny Tot wheelchair and 6 year dummy, f a i l u r e  to  apply the brakes 
prior  t o  the run resulted in the chair  pitching backward during the 
sled acceleration of about . 5  G .  
For the s ide  facing t e s t s  (78F004 and 78F005), the Saf-T-Lock 
devices proved to  be l e s s  e f fec t ive .  While they held o n t o  the wheel- 
cha i r ,  the ine r t i a l  forces produced considerable rotat ion and twisting 
about the tie-down points and the dummies f l a i l ed  sideways into and 
over the armrests with peak head excursions of 38.1 and 39.1 inches 
in the two cases. Damage to  the chairs  in these t e s t  was substantial  
and in the t e s t  with the female dummy the rearward Saf-T-Lock was 
badly bent. 
3. Safety Belts to  Bus Wall 
From the outse t  i t  was c lea r  tha t  t h i s  was an ineffect ive  pro- 
cedure fo r  res t ra in ing wheelchair occupants since the wheelchair by 
i t s e l f  has no l a te ra l  strength other than tha t  provided by the occupant. 
In a1 1 four be1 t restrained wheel chair  t e s t s  (78F007, 78F008, 78F012, 
78F013) the dummy was squeezed in the wheelchair as i t  twisted around 
inside the res t ra ining be1 t ( s ) .  While two be1 t s  may be somewhat more 
effect ive  than one be1 t ,  none of the t e s t  r e su l t s  were encouraging fo r  
t h i s  method of r e s t r a i n t .  In performing these t e s t s  the bel ts  were 
placed around the wheelchair s t ructure  i n  ways tha t  seemed optimum and 
which would probably not be done by most bus dr ivers .  Less care in 
the placement or  in tightening the be l t s ,  however, would make the 
r e s t r a in t s  even l e s s  ef fect ive  and perhaps render the be l t s  completely 
useless (since they could s l i p  off the chair  completely). 
B .  Bus Seat Tests 
1 .  Rupert E-Z-On Harness 
The Rupert E-Z-On Harness performed effect ively  in both the head-on 
and 33 degree obl ique impact t e s t s  (78F008 and 78F014) in that  i t  pre- 
vented the dummy's head from contacting the f ront  bus sea t .  In the 
f i r s t  t e s t ,  however, (78F008) three of the four " D "  r ings sprung open 
and became hazardous f lying objects in addition to  a1 1 owing unrestrained 
lower torso motion and knee contact with the f ront  seat  back. In both 
tes ts ,  head excursion was limited to about 18.5 inches. The design of 
the harness also d i s t r ibu tes  the load over the chest and shoulders 
as well as the lap region thereby preventing excessive loading of the 
abdominal organs. 
2 .  Easy Way Dubl-Life Saver Restraint Vest 
The performance of t h i s  r e s t r a i n t  device ( t e s t s  78F009 and 78F015) 
was completely ineffective for  protecting children in school bus sea t s .  
The padded vest does not adequately d i s t r ibu te  be1 t loads over the torso 
and only succeeds in causing the loads to be placed over the vulnerable 
organs of the abdomen rather than on the pelvic bone. The single belt  
wrapped about the seat  back and through the vest provides l i t t l e  
r e s t r a i n t  fo r  about 16 inches of dummy travel and no upper torso 
r e s t r a in t .  In both t e s t s  the head struck the t o p  of the seat  back 
of the f ront  seat  with head excursions of about 28 inches. 
3. Ford Tot Guard 
The 5th percenti le  female dummy was used in the two Ford T o t  Guard 
t e s t s  (78F010 and 78F017) and i n  b o t h  cases the dummy's head struck 
t h e  t o p  o f  s e a t  back o f  t h e  f r o n t  s e a t .  I n  t h e  f i r s t  t e s t  (78F010) 
of a  head-on impact ,  t h e  b e l t  r e s t r a i n i n g  t h e  T o t  Guard was b o l t e d  
t o  t h e  f l o o r  and p u t  t h rough  t h e  s e a t  between t h e  s e a t  cush ion  and 
s e a t  back. Because o f  t h e  t h i c k n e s s  of t h e  s e a t  cush ion  and t h e  "S" 
shaped p a t h  o f  t h e  be1 t around t h e  s e a t  f rame and cush ion  as shown i n  
F i g u r e  9, t h e  be1 t d i d  n o t  immed ia te l y  r e s t r a i n  t h e  T o t  Guard upon 
impac t  even t h r o u g h  i t  was p u l l e d  t i g h t .  As t h e  impac t  proceeded, 
t h e  i n e r t i a l  f o rces  p u l l i n g  on t h e  be1 t caused t h e  be1 t t o  squeeze 
F i g u r e  9. S ide  v iew  of schoo l  bus s e a t  i l l u s t r a t i n g  "S" 
shaped p a t h  o f  s e a t  be1 t when anchored t o  t h e  f l o o r .  
t h e  s e a t  cush ion ,  s t r a i g h t e n i n g  o u t  t h e  " S "  shaped p o r t i o n  r e s u l t i n g  
i n  b e l t  s l a c k  and t h e  dummy's knees smashing v i o l e n t l y  t h r o u g h  t h e  
f r o n t  s e a t  back. I n  t h e  second t e s t  (78F017) t h e  b e l t  was b o l t e d  t o  
t h e  s e a t  frame t h e r e b y  e l i m i n a t i n g  t h i s  s l a c k  and r e d u c i n g  t o r s o  mo t ion .  
The head e x c u r s i o n s  r e l a t i v e  t o  t h e  head i n i t i a l  p o s i t i o n  f o r  t h e  two 
t e s t s  were 32 .3  and 25.7 i nches  i n  t h e  f i r s t  ,and second t e s t s  r e s p e c t -  
i v e l y ,  a l t h o u g h  i n  b o t h  cases t h e  head s t r u c k  t h e  f r o n t  s e a t  back.  I t 
c o u l d  be s a i d  t h a t  i n  t h e  second t e s t  t h e  T o t  Guard performed we1 1  b u t  
t h a t  t h e  dummy was t o o  l a r g e  f o r  t h e  r e s t r a i n t .  If, however, t h e  T o t  
Guard had gone o v e r  t h e  f r o n t  s e a t  back (wh ich  would have happened 
w i t h  e i t h e r  a  l o w e r  s e a t  back o r  f i r m e r  s e a t  c u s h i o n ) ,  t h e  r e s t r a i n t  
would have been more e f f e c t i v e  s i n c e  t h e  dummy would have c o n t a c t e d  
t h e  t o p  of  t h e  T o t  Guard r a t h e r  than  t h e  s e a t  s t r u c t u r e .  
4 .  O r t h o - K i n e t i c s  T r a v e l  C h a i r  
As p r e v i o u s l y  ment ioned,  t h i s  d e v i c e  i s  n o t  a r e s t r a i n t ,  b u t  
r a t h e r  a  t y p e  of w h e e l c h a i r  wh ich  has been des igned t o  f i t  on au to -  
m o b i l e  o r  bus s e a t s  and t h e r e b y  a l l o w  t r a n s p o r t  of handicapped c h i l d r e n  
w i t h o u t  removing them from t h e i r  c h a i r .  T y p i c a l l y ,  t h e  c h a i r  and 
c h i l d  a r e  r e s t r a i n e d  t o  a  s e a t  by  a  s tandard  l a p  b e l t  wh ich  i s  wrapped 
abou t  t h e  c h i l d ' s  w a i s t .  The c h a i r  i s  equipped w i t h  a  v i n y l  l a p  be1 t 
and v i n y l  shou lde r  s t r a p s  w i t h  v e l c r o  f a s t e n i n g s  f o r  s e c u r i n g  t h e  c h i l d  
under normal c o n d i t i o n s  b u t  t hese  were n o t  i n t e n d e d  f o r  impact  p r o t e c t i o n .  
I n  t e s t  78FOl1, t h e  O r t h o - K i n e t i c s  c h a i r  w i t h  6 y e a r  dummy was 
t e s t e d  u s i n g  t h i s  s tandard  l a p  b e l t  r e s t r a i n t  anchored t o  t h e  bus s e a t  
s t r u c t u r e .  As expected,  t h e  c h a i r  and dummy p i t c h e d  forward  so t h a t  
t h e  dummy's c h i n  s t r u c k  t h e  t o p  o f  t h e  f r o n t  s e a t  back. T h i s  o c c u r r e d  
even though t h e  t o t a l  head e x c u r s i o n  i n  t h e  d i r e c t i o n  of  impact  was 
o n l y  23.6 inches,  s i n c e  t h e  c h i l d ' s  head s t a r t e d  from a  p o s i t i o n  sev- 
e r a l  i nches  forward  of  t h e  s e a t  back. 
I n  the second t e s t  (78F016) of the Ortho-Kinetics chair  a t  an 
oblique impact, a modified Rupert Harness was used in an attempt t o  
provide upper torso restraing and thereby prevent head impact. This 
design involved replacint  the " D M  r ings with loops through which bel ts  
could be placed. The lap be1 t ,  as before, was placed around the 
dummy and cha i r ,  through the lower loops, while a be1 t anchored t o  
the f loor  behind the seat  was placed through the upper loops from 
behind and over the seat  back and behind the dummy's neck. While i t  
i s  believed t ha t  t h i s  design has potential for  improving the protect- 
ion of children traveling in Ortho-Kinetic cha i r s ,  the resu l t s  of t h i s  
t e s t  were l i t t l e  bet ter  than the t e s t  with lap  be l t  only. This was 
primarily a resu l t  of improper placement of the upper loops which 
caused considerabl e slack and vir tual  l y  no upper torso r e s t r a in t  fo r  
several inches. The maximum head excursion re la t ive  t o  the i n i t i a l  
head position in the direction of impact was 20.9 inches and again the 
head (forehead) struck the top of the f ront  seat  back. 
I t  i s  of in te res t  also t o  look a t  the peak lap bel t  tensions fo r  
these runs which were 520 I bf. and 560 1 bf respectively.  These are  
considerably higher than those of the Easy Way Dub1 -Life Saver Restraint 
Vest, fo r  example, due to  the f ac t  tha t  the chair  and the dummy a re  being 
restrained by the same be1 t .  The child therefore must bear the added 
ine r t i a l  load resul t ing from the mass of the chair  as well as his own 
mass. In recent studies using baboons and Rhesus monkeys ( 1 ,  2 ) ,  i t  
was found  tha t  pressures of 30-45 psi resulted in EST (estimated sever- 
i t y  of in jury)  injury ra t ings  of  3 ( revers ib le  trauma). Thus one must 
consider t ha t  these be l t  loads a r e  approaching serious injurious levels .  
A procedure for  lowering these loads, of course, i s  t o  separately 
res t ra in  the chair  so tha t  the child does not bear the load of i t s  
ine r t i a l  forces.  
IV .  DISCUSSION A N D  CONCLUSIONS 
A large percentage of a l l  in ju r ies  in school bus coll is ions are  
t o  the head due t o  contact with hard in te r io r  bus s t ructures  such as 
seat  backs, sidewalls, and windows. In terms of protecting against  
t h i s  type and mechanism of injury the resu l t s  of t h i s  study point out 
the ineffectiveness of many of the r e s t r a i n t  systems being used today 
for transporting handicapped children.  
When transporting children i n  wheelchairs, consideration must be 
given not only to  simply holding down the wheelchair b u t  a1 so t o  
ef fect ively  res t ra ining and protecting the wheelchair occupant. The 
Collins Saf-T-Straint does a good job of keeping the child "in the 
chai r"  b u t  alone does not prevent excessive head excursion and torso 
flexion which can resu l t  in head and spinal injury.  The need to  supple- 
ment t h i s  device with an upper torso r e s t r a in t  anchored t o  the bus 
s t ructure  i s  c l e a r .  
The Collins Saf-T-Lock device does an adequate j o b  fo r  forward 
facing wheelchairs and head-on impacts b u t  i s  c lear ly  inadequate fo r  
placing wheelchairs sideways in buses. In f a c t ,  the resu l t s  of t h i s  
study suggest tha t  the practice of placing wheelchairs sideways in 
school buses i s  a poor one l ike ly  to  resu l t  in injury during impact 
from almost any direction except the very ra re  case of a d i rec t  l a te ra l  
impact to the opposite s ide .  Wheelchairs have not been designed with 
vehicle transportat ion in mind and  unti l  appropriate structural  modi- 
f i ca t ions  are  made, one must consider t he i r  s t ructura l  weaknesses in 
providing for  r e s t r a i n t  and occupant protection. The majority of 
school bus accidents involve frontal  and rearend co l l i s ions  ( 3 )  which, 
fo r  the side facing wheelchair, r e su l t  in forces c a u s i n ~  s t ructura l  
collapse and consequent occupant f l a i l  ing and injury.  While the 
Saf-T-Straint bel t  may keep the child in the s ea t ,  the forces are  
largely absorbed by the hard s t ructure  of the wheelchair side-frame 
rather than the r e s t r a in t  pad. A recent federal motor vehicle safety 
standard (FMVSS 2 2 2 )  requires t ha t  a1 1 school buses manufactured a f t e r  
April,  1978 shall  have forward facing seats  only. This principle 
should also be applied to  the transport  of the handicapped whether 
or not school bus seats  a re  used. 
For school bus seat  r e s t r a i n t s ,  the Rupert E-Z-On Harness was an 
effect ive  r e s t r a in t  when heavy duty " D "  r ings were used. The process 
of ins ta l  1 ing the r e s t r a in t  be1 t s  properly with appropriate be1 t 
lengths was somewhat tedious,  and while t h i s  must o n l y  be done once, 
i t  should be done w i t h  care so tha t  minimum slack i s  available.  
The Easy Way Dubl-Life Saver Restraint Vest was an ineffect ive  
r e s t r a i n t .  I t  did not adequately res t ra in  the dummy and i t ' s  use causes 
the be1 t loads t o  be placed more d i r ec t l y  over the vulnerable organs of 
the abdomen. A child would probably be protected more by a simple lap 
be1 t which would tend t o  keep the forces lower on the pelvis and 1 ess 
on the abdomen. 
While the Ford T o t  Guard did n o t  e f fect ively  provide protection 
from head contact in these t e s t s ,  i t  i s  f e l t  tha t  t h i s  can be an excel l en t  
r e s t r a i n t  i f  i t  i s  secured by a be1 t fastened to  the bus seat  s t ruc t -  
ure and i f  the child i s  not too large so as to  override the padded 
surface. I n  newer bus seats  with lower seat  backs and harder cushions, 
t h i s  r e s t r a i n t  should also perform be t te r .  
Use of the Ortho-Kinetics Travel Chair with a lap bel t  only does 
not provide complete protection on impact since the chair  top and 
upper torso of the child a re  essen t ia l ly  unrestrained. The use of 
the Rupert harness in some modified form has potential for improving 
the protection with t h i s  chair  b u t  proper harness f i t  i s  e ssen t ia l .  
I n  no case should one re ly  on the vinyl -velcro s t raps  provided with the 
chair  for  upper torso r e s t r a in t  in vehicle impact. Neither the s t rap  
material nor the velcro fastenings are  su f f i c ien t  to  carry the ine r t i a l  
loads of even a modest impact. 
With regard to  the use of seat  be l t s  on school bus sea t s ,  t h i s  
study indicates tha t  the procedure of bolting the be1 t to  the f loor  and 
p u t t i n g  the bel t  through the seat  behind and around the frame and seat  
cushion can resu l t  in considerable potential slack ( a t  l e a s t  for  the 
older s t y l e  school bus s ea t )  due to  the "S" shaped path of  the bel t  
and the softness of the cushion. Where t h i s  type of s i tuat ion ex i s t s ,  
i t  i s  recommended t ha t  the be1 t s  be anchored to the seat  frame (assum- 
ing tha t  the frame i s  securely fixed to  the bus f l oo r )  using large 
washers to d i s t r i bu t e  the load and in such a manner that  no slack i s  
present when the bel t  i s  pulled t i g h t .  
In most school buses (except those manufactured a f t e r  April , 
1978), bus seat  cushions a re  usually fastened t o  the seat  frame with 
simple metal c l i p s  which eas i ly  break loose on impact. In t h i s  study, 
the seat  cushions were a lso  secured using conduit clamps a f t e r  
seat cushions breaking loose proved t o  be a problem and hazard in 
in i t ia l  t e s t s .  I t  i s  recommended that in school buses where the 
seat cushions are easily pulled up, additional measures be taken to 
secure the seat cushions in place. 
FINAL COMMENTS 
I n  t h i s  study we have attempted t o  evaluate the performance of 
several commonly used devices and techniques for restraining handi- 
capped children in school buses. I t  has not been the intent to t e s t  
a l l  devices used or t o  t e s t  for a l l  possible impact conditions. The 
results indicate, however, the ineffectiveness of many of the currently 
used restraint  systems for protecting children i n  the event of school 
bus col l is ions.  I t  i s  quite apparent that  most devices and procedures 
have not been adequately impact tested and that the designers of these 
restraints  have 1 i ttl e understanding of basic crashworthi ness design 
concepts. The protection of handicapped children certainly involves 
special problems and considerations n o t  encountered in designing t o  
protect the non-handicapped, b u t  some basic guidelines such as pre- 
venting head contact with hard surfaces by upper torso res t ra in t ,  d i s -  
tr ibuting the loads over the skeletal structures as much as possible, 
and seating occupants in forward facing positions, s t i l l  apply. The 
recent school bus seat standard, FMVSS 222, which requires seats t o  be 
padded with energy absorbing materials will no d o u b t  provide increased 
protection in the event of head or knee impgct, b u t  t h i s  ruling should 
not be used as an excuse t o  allow unreasonable body excursions and 
joint flexion t o  take place. Since th is  standard does n o t  require 
replacement of old seats, it will be many years before the majority 
of school bus seats conform to these requirements. 
There is a need, then, for designers and installers of these pro- 
tective systems and devices, whether they are school personnel or 
manufacturers, to obtain assistance from engineers and researchers with 
the necessary experience in impact protection, and for any device or 
system to be dynamical ly tested under real i stic impact conditions prior 
to marketing and/or use. Substantial improvements in protection for 
the handicapped child can be made by adherance to a relatively few and 
simple design principles. Finally, the concern of emergency egress of 
the handicapped children in accidents involving fire or the threat of 
fire is an important one which has not been addressed in this study, 
but which should be a consideration in the design of handicapped 
restraint systems. 
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APPENDIX 
SLED TEST SET-UPS AND RESULTS 
Test Nc. and Type: 78F002 TINY ?8T WHEELCHAIR 
Restraint: Col l ins Saf-T-Lock; Coi  1 ins Saf-T-Straint 
Dummy: 6 year c h i l d  (49 1Ss. )  
Orientation 5 n  Bus: Farward facing 
Impact  PUS se:  20 m. p, h . ,  7 6 G, head-on impac t  
Set-Up Description: 
The Co?: ins Saf-T-Lock wheel c h a i r  tie-dawns were bolted rigid1 y 
to the sled rails f a c i n g  forward and the large wheels on the T5ny Sol  
wheelchair were secured in place by !mans 05  t h e  steel p i n s ,  The 6 
year ch i ld  dummy was placed i n  the whee lcha i r  and strapped to the chair 
back by means of  the Col7 ins Saf-T-Straint padded be1 t. The wheelchair 
friction b r a k e s  an both sides were app l  fed and ii l o a d  ce3: Mas instal l ed  
to  measure the tension i n  the Saf-T-Straint bel t .  
Photograph o f  Set-Up: - 
Test Nc. and Type: 78F002 T INY TOT WHEELCHAIR 
Graph Check S~quence  Phctograph: - 
Test No. and Type: 78F002 TINY TOT WHEELCHAIR 
Description o f  Test Resu:ts: 
The Col l ins Saf -T-  Lock d e v i c e  restrained t h e  wheelchair and the 
Saf-T-Straint kept the dummy i n  the seat although the chair pitched for- 
ward about 30 degrees d u r i n g  impact and remained i n  that position a t  the 
end o f  the t e s t ,  The head and torso o f  the c h i l d  dummy pitched Forward 
extensively w i t h  the du!rfl,y jackknifinq a t  the  hi^ j o i n t .  The nitxiriiunr 
heild excursion  cis 76.5  cent-i'meters (30.1 inches) in the direction of 
impact. Peak tension i n  the Collins Saf-T-Strafnt was about 300 lbs .  
Damage to the wheelchatr was minor w i t h  snail dents in the wheel ri!ns 
where the steel p ins  exerted Farce and s? ight frame and wheel a x i e  
bending. 
P h o t o g r a c f  Resu l t s :  
Test No, and Type: 78F003 JUNIOR WHEELCHAIR, 
Restraint: Col1 i n s  Saf-T-Lock; Coi 1 i n s  Saf -7-Straint 
Dummy: 5 t h  percentlie female (105 1bs.j  
Orientatian i n  Sus: Forward f a c i n g  
Impact Pulse: 20 m.p.h., 1 6  G ,  head-on fmpact  
Set-Up D e s c r i p t i o n :  -
T h e  Collins Saf-T-Lock wheelcha i r  restraints were b o l t e d  r i g i d l y  
to the sled r a i l s  fac ing farward and the large whzels af t he  Jun io r  
wheelchair %ere secured i n  p l a c e  by means of the steel ofns .  The 5 t h  
percentile female dummy was placed in the wheerchalr and strapped to 
t h e  c h a i r  back by means of the Co? 1 i n s  Saf-T-Stra-int padded be1 t .  The 
wheelchair f r i c t i o n  brakes on both s i d e s  were a p p l i e d  and a l aad  cell 
was ins ta l led to measure the tens'on in the Saf-T-Straint b e l t .  
Photo of  Set-Up: 
T e s t  No. and Type: 72F003 JUNIOR WHEELCHAIR 
Graph Check Seqoence --- P b a t ~ ~ h :  - 
Test No. and Type: 78F003 JUNIOR i - iHEELZHAIR 
bescription of Test Resul t s :  
The Coll ins Saf-7-Lock dev ice  restrained the wheel chair  and the 
Saf-T-Straint kept the dummy in the seat  although the chair  pitched 
forward about 70 degrees and remained i n  t h a t  position a t  the end of 
the t e s t  The head and torso of the duinmy pitched forward extensively 
w j t h  the ci~irmy jackknifjng a t  the h i p  J o i n k  The maximum head excursion 
was 74.7 centimeters (29.4  inches) in the direction o f  impact. Peak 
tension 4n  the Collins Saf-T-Straint Sel t was 6SG 1 b f .  During the 
t e s t  the wkee!chair eo%fapsed i n  back so t h a t  the rear  handles touched. 
The p las t i c  tube inse r t s  which f i x  t h e  horizontal seat  b a r s  t o  the 
vert ical  frame on the f r o n t  o f  the chair  papped o u t  resulting i n  separ- 
at ion o f  t h e  wheelchair f rame. There kias n!aderate daniage t o  the wheel - 
chair  including bent frame tubing and ax?es.  
Photographs of Results: 
T e s t  No. and Type: 78F004 GUaIOR W H E E L C H A I R  
Restraint: C o i l  i n s  Saf-T-Lock; Collins Saf-T-Straint 
Duirfly: 5th peircentl'le female (105 1 bs. ) 
Orientation in Bus: S ide fac ing  
impact Pulse: 20 m . p . h . ,  15 G ,  head-on impact 
Set-Up Description: 
The Col l in s  Saf-T-Lock wheelchair restmints  were bolted tci the 
sled r a i l s  an a p p r o p r i a t e  d-istance apar t  a l c n g  the  l e f t  side of the 
sled and fac ing  to t h e  right, The Jun io r  wheelchair was secured i n  
p o s i t i o n  using the steel pins and the 5 th  percentjle female d u m ~ y  was 
strapped in the chair  by ineans o f  the Co7i l i ns  Saf-T-StxraSntppadded bzl  t . 
The wheelchair f r i c t i o n  brakes on b o t h  s i d e s  were app l  med and  a load 
ce l l  was i n s t a l  led to measure t he  tension i n  the Saf-T-Stri?.int be1 t .  
Photograph of Set-Up: 
Tes t  No. and Type: 78F004 JUNIOR WHEELCHAIR 
. C 2 h  Check Sequence Photograph: 

T e s t  No, and Type: 78F005 T I N Y  TO? WHEELCHAIR 
Restraint: Col l ins Saf-T-Lock; Co3 1 i n s  Sa f -T -S t ra in t  
Dummy: 6 year c h i l d  dunny (49 10s . )  
O r i e n t a t i o n  i n  Bus: Side f a c i n g  
I npac t  Pu lse :  2C rn.p.h., 16 G ,  head-on ?rnpdct 
Set-Up Descrd p t i o n :  
The  C Q ~  I i ns  Saf-T-Lack whee lcha i r  r e s t ~ a i n t s  were b03 t e d  t o  t h e  
sled r a i l s  an apprcpriate d i s t a n c e  a p a r t  a long  t he  l e f t  s i d e  o f  t h e  sled 
and f a c i n g  t o  t h e  right. The Tiny Tat wheelch2ir war secured Fn p o s i t i o n  
 sing t h e  s t e e l  pins and the 6 year dui;:my was styapped in the chair by 
means of the Coll i n s  Saf-7-Straint padded be4 t. The wheelchair f r i c t i o n  
brakes on b o t h  s ides  were applied and a l nad  c s i i  was insta??ed t o  
measare t h e  tension i n  t h e  Sa f -T -S t ra in t  be l l .  
Photograph o f  Set-Up: 
T e s t  No, and Type: 78F005 T INY 7'07 WHEELCHAIR 
Graph  Check Seauence P h o t o o r a ~ h :  
T D :  73F735 TINY TOT WKEELCHAIR 
D e s c r i p t i o n  o f  Tes t  Resu l t s :  
The Collins Saf-T- lock dev ices he ld  sn t o  t h e  wheelchai r  and t h e  
Sa f -T -S t ra i n t  h e l d  on t o  the dunmy but the wheelchai r  and diimmy under- 
went severe torquing and twistiflg sidewards as the impact  preceded. 
The dummy Fiexed e x t e n s i v e l y  over the wheelchai r  arrr! w i t h  t he  dumifiy's 
head moving 99.3 cen t imete rs  (39 .1  inches) i n  the dmrec t ion  o f  impact.  
The maxirnunl b e l t  load in the Saf-T-Straint belt was about 255 Ib:'. 
Wheelchair damage was moderate w i t h  cons'derab; e frame and ax1 e bending 
on t h e  ? e f t  side. The plastic i n s e r t  on t h e  h o r i z o n t a l  t u b i n g  nf t h e  
seat frame popped in t h e  f r o n t  r e s u l t i v l g  i n  separatf~n o f  the c h a l " ~  frai.fie, 
Photographs c f  Resuj ts: 
Tes t  No. and Type: 78F006 TINY TOT W H E E t C i i A I R  
Restraint: Safety be1 t to bus wall ; Coll ins Saf-T-Straint 
Cunmy: 6 year child (49 1 bs ,  ) 
Orientation i n  Bus: Side  facing 
Impact Pulse: 20 mph, 15 G ,  head-on i m p a c t  
Set-Up Description: 
A pseudo-bus wall abou t  two f ee t  h igh  was c o n s t r u c t e d  us ing  a f i g i e  
i r o n  and a sheet of 3 j 4  i n ch  plywood and bol ted to the l e f t  side o f  the 
s led .  Rupert safety belt anchors  were bclteb t o  this structure approx- 
imately 24 inches f rom the f l oo r ,  The Tiny T o t  Wheelchair w i t h  s i x  
year dummy secured by means o f  the Collins Saf-7-Straint was backed u p  
to this wall midway between the b e l t  anchors. A Rub2rt b e l t  was i n -  
stalled and wrapped about the f r o n t  o f  the wheelchair. Each half of 
the be: t was wrapped around the front vertical frame on i t s  s i de  j a s t  
beneath the sheet metal s'des b e f o r e  buck4 in5 4n front cS the chair be- 
hind the buxmy's legs. The be1 t was tightened by hand and the wheelchair 
brakes were app:ied. A piece o f  rnaskang tape was used to keep the 
dummy's head fr~in moving diiring sled acceleration. Two load c e l l s  were 
used to measure the belt tensions i n  the Saf-l-Straint at;$ the belt 
ho ld i ng  t h e  wheelchair. 
Photograph o f  Set-Up: 
T e s t  No, and Type: 75i00S TINY TOT WHEELCHAIR 
Graph Check 5 
T ! ! I  r c  n , I  T e s t  No. and Type: 73F005 TINY TO1 ~ d ~ ~ L ~ h k i l ?  
Description o f  Test Results: 
Upon impact ,  t h e  wheelchair and dummy moved forward on the s led,  
the dunnny f l ex in9  sidewards and roti?ting and the chair rotat ing and 
colIaps?:ng tosether on the dumnry, The t ens ion  i n  the  wheelchair re- 
straining be l t  and t h e  sl ight  downward direction of the bel t  from the 
wall anchors t o  the wheelchair resulted i n  an upward and rearward 
force on the wheelchair p u l l i n g  the c h a i r  w l t h  the dummy up  and over 
the two foot bus wal l ,  The t es t  ended w ' t h  the wheelchair  with dummy 
hanging o v e r  the wai 1 on the oppos i te  side. The zaximum !isad excursion 
was 86.6 centimeters ( 2 4 - 1  inches) in the direction o f  irnpact. Daniage 
t o  the chair was relatively minor, 
Photggraphs o f  4esul t s :  

T e s t  No. and  Type: 38F007 JUNIOR WHEEI-CHAIR 
Graph Check Seque~tce F h o m :  ----- 
Test No. and Type: 78F007 iXNIOW b4HEELCHAIR 
Description of Test Results: -
Upon impact, the wheelchair r o t a t e d  forward p i v o t i n g  about the l e f t  
rear wheel and the dummy rotated and flexed sidways ' n t o  t h e  wheelchair 
structure w i t h  the dunmy's head crossing the plane of the pseudo-bus w333 
forward of the wa l l .  A t  the end of the t e s t  t h e  wheelchair had tjpped 
n e a r l y  completely o v e r  and the dummy's drms \?rere resting on the f l o o r  
forward of the starting position, the dummy hanging sideways over the 
arm of the wheelcha i r .  Damage t o  t h e  wheelchair was s u b s t a n t i a l  i nc iuC-  
ing frame separation and bending, and extensive bending of the l e f t  a x i s .  
The q p e r  belt  became wedged Seh~eer! the amrest  and arn; frame t u b f n g ,  
The inax?mum excursion o f t t h e  dummy's head ilras 9? -19 cerltfmeters (38.2 i ~ c h e s )  
j n  t he  direction of  impact. The peak belt tensions were 26G 75.f i n  t h e  
Saf-T-Straint, 1,250 9 bP i n  the apper wheelchair b e l l  and 850 ? S f  i n  the  
lower wheelchasr be1 t .  
Photographs of Results ---" : 
Test No. and Type: 33F008 BUS SEAT WITH RUPERT E-Z-ON HARNESS 
Restraint: Rupert E-Z-On Harness 
Dummy: 6 year child dunmy (49 I D S )  
Orientation i n  8us: Forward facing 
Impact Pulse: 20 m.p .  h.,  16 G ,  head-on impact 
Set-Up Description: 
Two school bus seats and a pseudo bus wall and f?oor were bolted t o  
the sled facing forward w i t h  a horizontal  distance o f  27 inches fron t h e  
back of the rear s a t  to t he  Sack of  the f r c n t  seat.  The Rupert harness 
eye b o l t s  were bc7 ted to the s'ed just  b e h i n d  the  rear seat  and sbout 
14 inches a p a r t ,  The two upper belts and two Sower belts were p laced  
over and through t h e  seat as described i n  the Rupert instructions, The 
s i x  year old c h i l d  dammy, wearing the W~pert harness, was sstated i n  the 
center of  the rear seat ,  the four belt  c l ips  fastened %D the four "B" 
rings provided on the harness, and adjsuted f o r  reasunable tensiun. 
Four 1 oad cef 1 s were used t o  measure the tensicns in these f co r  res t ra in t  
be1 t s .  
Photograph o f  Set-@: 
T e s t  No. and Type: 78F008 8US CEP? NIT8 RUPERT E-Z-ON HARNESS 
Graph Check quence Photograph: .- 
Tes t  No. and  ?ype: 18F088 8US SEAT $/ITS RUPERT E-Z-ON HAR~JESS 
Description of Test Resul t s :  
U p ~ n  impac t  the dummy began to s l i de  faorward on the bus seat in- 
c r e a s i n g  t h e  tensian i n  t h e  r a t r a i n t  belts. After a few inches t ravel ,  
three of the four !'!Ii' r ngs opened and flle::i free o f  the s l e d ,  one land- 
i n g  over 25 f ee t  away, Only the upper l e f t  "D" ring held,  thereby pro -  
viding con"iinueb restraint to t h e  upper ~ ~ ? ; T s Q .  The lawer torso conts'r;- 
lied t o  n:cve forwitrd w l t h  the knees a n d  lawe!+ l e g s  striking the back sf 
the f r o n t  sea t '  The head d i d  n o t  contact wjth th?  Front seat, Maxfnium 
head excursion was 46,P centimeters (58,4 inches) i n  ",he d i i - e c t i o n  of 
impac t .  Peak belt Soads were 300 and  !iO l b f  f n  the l e f t  and right upper 
bel ts  and I i O  and 150 l b f  in t h e  I ~ f t  2nd r-i'ght lower b e l t s  respectm"'ie1y. 
Photographs -..---- of Resui t s :  
.--- > .- < *' 
Three of  the fo~ir "D" r f n g s  whach 
sprung =pen du r i ng  impact. 
T e s t  No. and T e s t  Type: BUS SEAT XITH EAS'{ UAY DUBI-LIFE SAVER 
Restraint: Easy Way Dub1 - i i  f e  Saver Restraint Vest 
Dummy: 6 year c h i l d  dummy (49 i 5s.  ) 
Orientation in Bus: Forward facing 
impact Pul se :  20 m,p. h . ,  16 G ,  head-on impact 
Set-Up Descriptton: 
Two bus seats and a pseudo bus wall and f?aor were bolted t o  the 
sled f a c i n g  Forward .with a hor iz~nta l  distaance o f  27  inches froin the 
back o f  t h e  rear seat ,to the back o f  t h e  f r cn t  s e a t ,  The Easy Way Dub i -  
l i f e  Saver Res t ra in t  Vest was p laced  on the rear seat w i t h  the v e r t i c a l  
be1 t wrapped around t h e  seat  back by p l a c i n g  i t  between t h e  seat  back 
and seat cushion and  was pulled t d g h t .  The 6 year c k j l d  dummy was 
placed sn the rear seat and  t h e  be l t  and  pad wrapped around h i s  waist 
and abdomen and pulled t ight .  Two l oad  ce l l s  were ased t o  ifleasure the 
, ' tension i n  the seat  back and dtimn!:~ belts. 
Photograph of Set-Up: 
T e s t  No. and T e s t  Type: 18F009 BUS SEAT V I T H  EASY WAY DUG:-LIFE S A V E R  
Graph Check Sequence Phclograph: 
Test No. and Test T.yppe 18FOG9 BUS SEAT WTTi4 EASY WAY DUBL-LIFE SAVER 
Description of  Test Resui t s :  
Upon impact, the dummy moved forward on the sea t ,  the be1 t and 
harness system appearing t o  stretch and g i v e  and p r o v i d e  i i t t l e  i n i t i a l  
restraint.  Excursjon o f t t h e  torso was 40.6 centiineters ( 3  6 i n c h e s )  
b e f o r e  head rotaticn began. The head f l e x e d  Forward as t h e  t o r s o  reached 
i t s  inaximuirt excursion, the c h i n  striking t h e  t o y  of t he  fror;t sea t  back. 
The maximum head excursion was ?3,4 centimeters (28.1 inches) f n  t h e  
direction eS impact .  The rear seat back was bent forward t o  a n e a r l y  
vertical position. Peak belt  loads  were 548 I b f .  in the belt over t h e  
seat back and 246 I b f .  l'n the be1 t around the d;dimy, 
Photcgraph of -- Resui t s :  
I"; 
Test  No. and Test Type: 78FOi0 BUS SEAT WITH FORD TOT GUARD 
R e s t r a i n t :  Ford T o t  Guard without booster s e a t ;  lap be1 ted bo i  t e d  t n  f l o o r  -- 
Dummy: 5 t h  percentile female (105 I b s , )  
Orientation i n  Bus : Forward f ac ing  
Impact ?u7 se: 20 m.p. h., 15 G ,  head-on impact 
Set-Up D e s c r i p t i o n :  
Two schsol bus sea ts  and a pseudo bus wall  and floor were bolted to 
the sled f a c i n g  forward w i t h  a horizontal d f  stance 05 27 inches f rom t h e  
back o f  t h e  rear s e a t  t o  t he  back o f  t h e  front s e a t .  A Rupert seat be: t 
was b o l t e d  t o  the sled ander and just behind t he  r e a r  seat and i n s e r t e d  
t h r o u g h  the s e a t  between and around "siie sea t  cust l lcn and  s e a t  frame, 
Ti 
I ne 5 t h  percentile female dtirrrmy was seated i n  the center of the  rear 
seat and t h e  Fard T o t  Guard j ~ i t h o u t  b o o s t e r )  p u t  f n  p l a c e ,  The seat  
b e l t  was wrapped arcund t h e  T o t  Guard and pulled L i g h t ,  A load c e l l  was 
used to measure the t e n s i o n  i n  t h e  b e i t  hear  the T o t  Guard. 
Photogrzph o f  Set-Up: 
T e s t  Yo, and T e s t  Type: - 78F010 BCS SEAT WITH FORD TOT GUARD 
Graph Check Sequence ?hoto$raph: -
T e s t  No. and T e s t  Type: 78F010 BUS SEAT WITH FORB TUT GUARD 
Descri~tian of  Tes t  Resal l s :  
Upor! i m p a c t t h e  dummy and T o t  Guard rnoved forward ar!d then down- 
ward on the seat  cushion ~\bh?:"I the sea t  cushion i t s e l f  s t ten lp ted t o  
break f r e e  pushl'ng up and forward on the  dumny s e a t .  The ~dirrrirny I s knees 
impacted v io len t ly  i n t o  the Sack of t he  front seat knock ins  St complete!y 
o u t  and the  dunnmy's Sower face  struck the t;ea"Lack Frame. The rnaximi;rrr 
excurs ion  o f  the dummy k head was 82.0 centl'nje'cers (32 .3  inches) i n  the 
d i r e c t s o n  o f  impact .  Peak tension i n  the bel t  was 600 1 b f .  
Photograph o f  - Resn? t s :  
Test No. and Test Type: 78FOli BUS SEAT WIT3 ORTHO-KINETICS TRAVEL CHAIR 
Restraint:  Ortho-Kinetics Travel Chair w i t h  l a p  belt 
Dumniy: 6 year old dnn;my (49 15s. ) 
Orientation I n  Bus: Forward Facing 
Impact Pulse: 26 r n . p . h . ,  16  G ,  head-on impact 
Set-Up Cescri ption: -
- two bus seats and a pseado bus wal I and fSocr were bcS ted t o  the sled 
facing Forward w i t h  a h o r i  zontal d i s t a n c e  sf 27 inches from the back o f  
t he  rear  seat  t o  the b a r k  of the f ron t  sea l .  A Rupert seat  bel t  was an- 
chored t o  the  seat  s t ruc tu re  a t  the junction sf the s e a t  and seat  back. 
The Ortho-Kinetics travel chafr was placed i n  the center  o f  the seat  and 
the 6 year dummy plac2d I n  the cha i r .  Head rest and s i d e  supports were 
adjusted fo r  o p t ' m u m  r e s t r a i n t  and the vinyl straps and  l a p  be1 t tightened, 
The seat  b e l t  was "Leg placed around t h e  d~irnrsy l a p  and pu: led t i g h t *  A 
load cel l  %as ased t o  ;nea,sure the tension f i :  this l a p  be1 t .  
Photograph af Set-Up: 
Tes t  No, artd T e s t  Type: ?8F011 BUS SEAT WITH DRTHO-KINETICS TRAVEL C H A I R  
Graph Check Sequence -- Photograph:  
Test  No. and Test Type: BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR 
D e s c r i p t i o n  o f  Test Resul t s :  
Upon impact ,  t h e  l a p  belt h e l d  t he  c h a i r  c l ose  t o  t h e  bus s e a t  b a t  
t h e  upper p o r t i o n  of t h e  c h a i r  and  dummy r o t a t e d  forward,  the dummy break-  
i n g  a  vinyl s t rap ,  and the dummy's c h i n  s t r l :  k i n g  t h e  t o p  of the f r o n t  
seat  back. Maxinun head excurcfcn was 59.9 cen t ime te rs  ( 2 3 , 6  inches)  .l;n 
the direction of  jmpact. Peak be1 t t e n s i c n  was 520 I b f .  Damage t o  t h e  
Or tho-K ine t i cs  c h a i r  was minor w i t h  one broken strap and s l i g h t l y  b e n t  
rear wheel ax l es .  
Photegraphs o f  Resol  t s  : 
r y  " Test  No. and Tes t  Type: 78F012 i rh! TOT WHEELCWdIR 
R e s t r a i n t :  Two Ruper t  safe ty  be1 t s  t c  bus way 1 ; Col 1 ins Saf-T-StraSn t 
Dumniy: 6 year dummy (49 l b s . )  
O r i e n t a t i o n  i n  Bus: Side f a c i n g  
7 r ,Impact Pulsg:  20 m.p. h., i o  G, 33 degrees t o  b u s  f r o n t  
A pseudo bus w a l l  and f l o o r  were b o l t e d  t o  t h e  sled r a i l s  a t  an ang le  - o f  33 degrees t o  the  side o f  the s:ed, iwo Rupert biets were anchored 
t o  t h e  w a l l  a t  heights o f  1 2  and 24 inches, The Tiny T o t  wheelcha i r  w i t h  
6 year dummy restrained t o  t h e  c h a i r  back by the Collins Saf -T -S t ra in t  
padded Sel t was backed up t o  the wa? l hetweerj t h e  be3 t anchors. The 
upper belt  was wrapped about t h e  f r o n t  of t h e  wheelchai r  i n  @Re armrest 
grooves and t i gh tened .  The lawer  b e l t  was wrapped a r o u n d  t he  f r o n t  o f  t he  
wheelchair j u s t  above the ? e l  support f i x t u r e s  2nd behind t he  dummy's legs 
and tfghtened. The wheelchair brakes were a p p l  i s d  and two load c e l l s  
were used t o  measure the t e n s i o n  i n  t h e  lswer chair  be1 t and S a f - T - S t r a i n t  
be1 t. 
Photograph of Set-Up: 
T e s t  No. and T e s t  Type: 735012 T I N Y  TOT WHEEiCHAiR 
G r a ~ h  C h e c k a u e n c e  P h o t o ~ r a p h :  
-L- - 
T e s t  No, and T e s t  Type: 78f012 TINY TOT WHEELCHAIR 
Description of T e s t  Resul t s  : 
Upon impact t h e  wheelchair and  dummy rotated and f e l l  sjdewards t o -  
ward the f r o n t  of t h e  sled with the back o f  the dummy's head s t r i k i n g  t h e  
bus  w a l l .  S h o r t l y  a f t e r  jmpact  t h e  @per chair  be1 t broke lsose a t  the 
buck?? allowing the c h a i r  and d u i ? ~ ~  t o  f a l l  completely o v e r  l a n d i n g  on 
the  f l o o r .  The maximum !lead excurs?:on of the du!nmy was about  5 7 . 6  c e n t i -  
meterr (25.6 inches) i n  the direction of impact.  Damage t o  the whee lcha i r  
was inoderate l 'ncl uding frame separa t ion  and badly ben t  1 e f t  ax1  e. 
P h o t o g r a p h s  of Resul t s :  -- 
Test No. and Test Type: 78F013 JUNIOR WHEELCHAIR 
Restraint: One Rupert be! t to bus wall ; Collins Saf-7-Straint 
Dummy: 5 t h  percentile female (105 l b s j  
Orientation i n  Bus: Side f a c i n g  
Impact Pulse: 20 m . p . h , ,  16 G ,  33 degrees t o  bus front 
Set-Up Descriptian: -
A pseudo Sris w a l l  and f l o o r  were boi t e d  to the s? ed a t  an angle of 
33 degrees to the  side o f  the sled, A Rupert belt  was anchored t o  the 
wall  a t  a b o u t  I ?  inches from the f l o o r .  The Junicr wheelchair with f e -  
male bumy restrained t o  the cha i r  back by the Coi l  ins S a f - T - S t r a i n t  
TI gadded be1 t &as backed u p  t o  the wa7 7 between the be1 t anchors. i n e  
s a f e t y  b e l t  was wrapped around the  front of  the chair  j u s t  above the 
f o o t  res t  f i x t u r e s  behind the  dummy's legs and inside of the brake l e v e r s .  
The b e l t  was b i i ~ k i e d  i n  front and pulled t jght.  The wheelchair brakes 
were a p p l i e d  and two load cell  s were used t o  measure the tension i n  the 
Saf-T-Straint and  c h a i r  be7 t .  
PhoLegrc!phs o f  Set*: - --
Tes t  No. and Test Type: - ?SF01 3 dUNIOR WHEELCHAIR 
Graph Check Seqiience P h o t o g r a ~ h :  
V h Z  0-r - - f . 3 m m  r D 0  
- - ' . I J ' - J . S - S c t . W  c <-I-& 
O m  3 ID d . 7 7 3 8 C I -  3- 
J r t s c c l m i 3 3  v, m w X )  
u s -  " - O C D ~ X ) W ~ & ? -  
oc- 3 *-TC t13 m 0 0 
T 1 d . S  y, m a a n - a - r  3- 
f r 2 m -  X - J . ,  a OC-FP, 
7 .a. --' vt u, 0 -- 3 2- 
r a ~ .  m e  - s w a  t t s  
v u T[ )n - I .C  c l - - A .  J 
T ' J  --h L L W ~ ~ ~ O  J ~ P ,  
T e s t  No. and Tes t  Type: 78FOt4 BUS SEAT WITH RUPERT E-Z-ON SAFETY HARNESS 
Graph Check Sequence Photograph: -
Test No. and Test Type: 18F014 BUS SEAT WITH RUPERT E-Z-ON SAFETY HARNESS 
R e s t r a i n t :  Rupert  E-Z-On Safety Harness and r e s t r a i n t  belts 
Dummy: 6 year dlimmy (49 1 b s .  ) 
O r i e n t a t i o n  i n  Bus: Forward f a c ing  . 
impact Pulse:  20 m.p.h,, 15 G ,  33 degrees t o  bus f r o n t  
D e s c r i p t i o n  o f  Tes t  Set-Up: 
Two school bus seats and pseudo bus wall and f:oob were bolted t o  
the sled a t  an angie s f  33 degrees t o  the s i d e  of t h e  s:ed w i t h  t h e  
h o r i z o n t a l  distance from the back o f  the rear seat t o  t h e  back o f  t he  
front seat  equal t o  27 inches.  The Ropert eye bo? t s  were bo i  t e d  t o  
7 the sled j u s t  behind t h e  r e a r  seat  as per  the Rupert instructic~ns.  :he 
6 year buncly wear.l'.raq the Rupert  harness lpiith heavy du ty  "C1" t - ings r e -  
p l a c i n g  the origfnal r i n g s  was placed i n  t h e  center o f  the sea t  and the 
Sel t c l  i p s  a t tached  t o  t h e  "0" r i n g s ,  Be1 t s  were ad jus tec  t o  t a k e  up 
any s l ack .  Four l oad  ce l l s  were used t o  measure t h e  bel t  tensions i n  
the two upper be l t s  and two lower  b e l t s  near "Le bel t  anchor p o i n t s .  
Photographs o f  Set-Up:  
Test  ?lo. and T e s t  Type: 78F014 BUS SEAT WITH RUPERT E-2- ! IN SAFETY HARNESS 
. 
D e s c r i p t i o n  - of  T e s t  R e s u l t s :  
Upor! impact the duifimy torso moved toward t h e  front 05 the s led  bu t  
was q u i c k l y  wstrained by the t e n s f o n  i n  t h e  fou r  belts.  The head 
- a  f l e x e d  forward 5 3 t d b i d  not cane close t o  s t r i k i n g  t h e  f r o n t  s e a t .  ine 
n?axirnui;l head excursion was 47.5  centimeters (18.7 inches)  i n  t h e  d i r ec t -  
i o n  of impac t .  Peak t e n s i o n s  i n  t h e  bel ts  were 24G and 290 1 b f .  in t h e  
l e f t  and  r i g h t  lower  belts and 290 and 350 I b f ,  i n  the l e f t  and right 
upper be1 t s  r e s p t x t i v e f y .  A t  the  end of the t e s t  the dummy was very near 
i t s  starting p o s i t i o n .  
Photograph o f  Results: 
Test: 78F73F BUS SEAT WITH EASY WAY DUBL-LIFE SAVER 
Restraint: Easy gay Dub1 - L i f e  Saver -- 
Dummy: 6 year c h i i d  (49 I b s . )  
Orientation i n  Bus: Forward facing 
impact Pu7 se: 20 m.p .  h., 16 G ,  33 degrees t o  bus front 
D e s c r i ~ t i o n  o f  T e s t  Set-Uc: 
The two bus seats and a pseudo bus wall  and f loor were bolted t o  
the sled a t  an angle s f  33 degrees t o  the side uf the s led w i t h  the h o r i -  
z o n t a l  distance f rom the  back of the  rear s e a t  t a  the back o f  the  front 
seat equal t o  21 inches, The Easy Way Bubl-Life Saver Vest  war olaced 
on the bus seat and the verticai be1 t was wrapped around the rear seat  
back by p u t t l ' n g  i t  through the seat behind t he  seat cushion. The  d~t ; i i ~~y  
was placed on the seat  and the padded vest placed arcund the lower torso 
and "ce belt buck led .  Both  be? "L sere p i i i  l e d  as t a u g k t  as mar,ual?y pns- 
s i b l e .  Two load ce l l s  were used t c  nleasure t h e  t e n s j o n  i n  these be1 "s. 
Photographs af  Set-Up: 
T e s t  No, and T e s t  Type: 78F015 BUS SEAT WITH EASY WAY CUBL-LIFE SAVER 
Graph Check Sequence P h o t o g ~ ~ ~ ~ h :  - --. 
Test No, and Test Type: 78F015 BUS SEAT WITH EASY WAY DUBL-LIFE SAVER 
Description o f  Test Res!iI t s  : 
Upon impact, the dummy moved forward on the  seat toward the front 
of the sled w i t h  very 1 f t t i e  torso or neck flexion and with f l t t l e  
apparent restraint. Considerable s l a c k  was provided by bath the belt 
pad folding in back and by the straightening of the belt as the seat 
cushion was pulled o u t ,  The torso moved a b o u t  37.3 centimeters (14.7 
inches)  before head r o t a t i o n  began. As t he  torso approached i t s  maxi- 
m u m  excursion the head began t o  f lex forward and the forehead struck 
the t o p  bar of t h e  f ron t  seat back near the w a l l .  The dumy then re- 
bounded t o  near i t s  o~iginal  positfon a t  the end of the t es t .  D u r i n g  
t h e  t e s t ,  the rear seat back was bent  fgrward t o  a nearly vertical posi 
tion by t h e  fo rce  i n  the restraining belt. The maximum head excursicn 
was a b o u t  59.9 centiineters ( 2 7 . 5  inches)  I n  the djrection of impact. 
Peak be1 t ]cads were 260 I b f ,  i n  the b e i t  around the dummy and  400 Ibf. 
i n  t h e  be1 t around the seat back. 
Photograph of -- Results: 
l e s t  No. and Test Type: 78FOlO BUS SEAT WITH ORTHO-KINETICS TRAYEL C H A I R  
Restraint: Modified Rupert E-2-On Harness w i t h  upper and lower safety be1 t s  
Dummy: 6 year old dummy (453 '1 5s. ) 
Orientation in Bus: Forward facing 
Impact Pulse: 20 r n . p . h , ,  16 G ,  33 degrees to bus front 
Description of T e s t  Set-Up: 
Two bus s?ats and a pseudo bus wall and f loor were bolted t o  the s l e d  
a t  33 degrees ta the side of t h e  sled so that the horizontal d i s t a n c e  
from the back of the rear bus seat t o  the back of the f r o n t  bus sea t  was 
21 inches. A Rupert E-Z-On Harness was modi f ied t o  have be1 t !sops i n  
place of  t h e  "3" rings and was p u t  on t h e  5 year dummy. The D~tho-Kinetjcs 
travel chair w i t h  dummy was placed in position i n  the center of t he  rear 
bus s e a t  and the c h a i r  straps and side supports adjusted for naximam 
res t ra in t .  A Rupert belt  was anchored to the bus seat frame just  behind 
and under t h e  seat cushion and was inserted through the lower belt loops 
in the E-Z-On harness and buckled. A second Rupert belt  was bolted t o  
the sied behind the bus seat  and placed through the upper loops in the 
E-Z-On harness behind the dummy's neck. Both be1 t s  were manually t i g h t -  
ened but  i t  was apparent that the upper loops in the harness were placed 
so as to  allow considerable slack in the upper torso res t ra in t ,  Two 
load ce l l s  were ased t o  measure the tension i n  these upper 2nd lower belts.  
Photographs of  Set*: 
Test No. and T e s t  Type: 33F016 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR 
Graph Check Sequence Photsgraph: 
Test  No. and Tes t  Type: 78F016 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR 
D e s c r i p t i o n  of Test  Resu l t s :  
Upon impact t h e  c h a i r  was r e s t r a i n e d  c l ose  t o  t h e  seat  back b u t  t h e  
t o r s o  and head of t h e  dummy began t o  r o t a t e  forward.  Even tua l l y  t h e  
upper t o r s o  mot ion was l i m i t e d  by t h e  upper b e l t  and t h e  head f l e x e d  
forward, t h e  forehead s t r i k i n g  t h e  bar  on t h e  t o p  o f  t h e  f r o n t  seat  back 
near t he  w a l l .  The head then con t inued  on around rubb ing  aga ins t  t h e  
w a l l  and t h e  dummy re tu rned  t o  a  t i l t e d  seated p o s i t i o n  near i t s  s t a r t -  
i n g  p o s i t i o n .  The maximum head excurs ion  was about 53.1 cen t imete rs  
(20.9 inches)  i n  t h e  d i r e c t i o n  of impact.  Peak tens ions  i n  t he  b e l t s  
were about 560 1  bf .  and 270 1 bf. i n  t h e  l a p  and t o p  be1 t s  r e s p e c t i v e l y .  
Dur ing  t h e  impact, bo th  of t h e  v i n y l  s t r aps  across t he  dummy's shoulders  
broke loose  a t  t h e  v e l c r o  fas ten ing .  Damage t o  t h e  O r tho -K ine t i c s  c h a i r  
was minor  w i t h  o n l y  s l i g h t  bending of t h e  r e a r  wheel ax l es  and b reak ing  
of t h e  p l a s t i c  f oo t  r e s t .  
Photographs of  Resul t s  : 
Test  No. and Tes t  Type.: 78F017 BUS SEAT WITH FORD TOT. GUARD 
R e s t r a i n t :  Ford To t  Guard w i t h o u t  booster  sea t  and Rubert  seat  be1 t 
Dummy: 5 t h  p e r c e n t i l e  female (105 1  bs.)  
O r i e n t a t i o n  i n  Bus: Forward fac ing  
Impact Pulse: 20 m.p. h., 16 G, 33 degrees t o  bus f r o n t  
D e s c r i p t i o n  of Tes t  Set-Up: 
Two bus seats  w i t h  a  pseudo bus w a l l  and f l o o r  were b o l t e d  t o  t h e  
s l e d  a t  an angle  of 33 degrees t o  t h e  s i d e  of t h e  s l ed  and so t h a t  t h e  
h o r i z o n t a l  d i s t ance  from t h e  back of  t h e  r e a r  seat  t o  t h e  back of t h e  
f r o n t  seat  was 27 inches. A Rupert  sea t  b e l t  was b o l t e d  t o  t h e  r e a r  bus 
seat  frame j u s t  below and behind t h e  seat  cush ion and t h e  5 t h  p e r c e n t i l e  
female dummy was p laced on t h e  seat  between t h e  two be1 t anchor p o i n t s .  
The Ford To t  Guard w i t h o u t  booster  seat  was placed over  t h e  dummy's l egs  
and t h e  be1 t t i gh tened  i n  p o s i t i o n .  A l oad  c e l l  was used t o  measure t h e  
t ens ion  i n  t h e  b e l t .  
Photograph of Set-Up: 
Test  No. and Test  Type: 78F017 BUS SEAT WITH FORD TOT GUARD 
Graph Check Sequence Photograph: 
Test  No. and Test  Type: 78F017 BUS SEAT WITH FORD TOT GUARD 
D e s c r i p t i o n  o f  Tes t  Resul ts :  
Upon impact,  t h e  dummy r o t a t e d  forward i n  t h e  To t  Guard pushing t h e  
To t  Guard toward t h e  f r o n t  of t h e  s l e d  and down on t h e  sea t  cush ion.  
The padded f r o n t  of t h e  To t  Guard s t r u c k  i n t o  t h e  f r o n t  sea t  back below 
t h e  t o p  of t h e  seat  and t h e  dummy's head r o t a t e d  i n t o  t h e  t o p  bar  of t h e  
sea t  back impac t ing  j u s t  above t h e  eyes near t h e  w a l l  . The dummy's head 
and t o r s o  then rebounded back up and re tu rned  t o  near t h e  o r i g i n a l  pos i -  
t i o n .  The maximum head excurs ion  was 65.3 cen t imete rs  ( 2 5 . 7  i nches)  i n  
t h e  d i r e c t i o n  of impact.  The peak be1 t l oad  was approx imate ly  950 1 b f .  
Photograph of Resul t s  : 

